The reliability and validity of proxy respondent information in the Canadian Hospitals Injury Reporting and Prevention Program surveillance system was assessed. A standardized form was used to collect data on injury date, location, context (activity at the time), breakdown factor (what went wrong), mechanism, product involvement, safety precaution use, and motor vehicle involvement. The test-retest method determined reliability, with the kappa coefficient quantifying agreement between respondent information provided in the emergency department and later during a telephone interview. Of 421 eligible respondents, 325 (77%) completed the telephone interview, with a median time to interview of 33 hours (range 24-70 hours). Agreement was high for all items; kappa coefficients ranged from 0.79 (substantial agreement) to 1.00 (perfect agreement). Reliability was not significantly modified by respondent view of the injury event, age of the child, language of the form, or level of respondent education. Validity was determined by measuring the agreement between respondent information and that provided by an independent witness. Witness information was considered to represent the truth. Of the 140 injury events selected, 92 (66%) had the form completed by both the original respondent and an independent witness. Kappa coefficients were greater than 0.65 for all but one item (safety precaution use), and the positive predictive value of respondent information for item categories whose prevalence was &0.25 ranged from 0.82 to 0.95. The authors conclude that proxy respondent data on childhood injury are both reliable and valid. Am J Epidemiol 1997;145:834-41. accidents; child; population surveillance; reproducibility of results Proxy respondents-persons who provide information on behalf of study subjects-are common in clinical research. For example, they are used when index subjects are unable to communicate, unwilling to cooperate, or already deceased (1,2). They also play an important role in the study of childhood conditions. For example, childhood injury surveillance systems depend on data provided by parents or guardians (3, 4). These data may be used to document the magnitude of the problem, identify emerging problems, determine etiologic factors, guide program priorities, or evaluate interventions (5-8). It is essential, therefore, to determine wherner the data provided by proxy respondents are reliable and valid.
Proxy respondents-persons who provide information on behalf of study subjects-are common in clinical research. For example, they are used when index subjects are unable to communicate, unwilling to cooperate, or already deceased (1, 2) . They also play an important role in the study of childhood conditions. For example, childhood injury surveillance systems depend on data provided by parents or guardians (3, 4) . These data may be used to document the magnitude of the problem, identify emerging problems, determine etiologic factors, guide program priorities, or evaluate interventions (5) (6) (7) (8) . It is essential, therefore, to determine wherner the data provided by proxy respondents are reliable and valid.
To our knowledge, only four published papers have examined the quality of proxy respondent data on childhood injury (9) (10) (11) (12) . All estimated maternal recall over periods from 2 weeks to 12 months. Therefore, both memory decay and the tendency to "telescope," i.e., to remember events as more recent than when they actually occurred, were important limitations (13, 14) . In addition, recall of the injury was essentially "yes or no," with little or no information collected about the injury sequence. The goal of this research was to determine, over the short term, the reliability and validity of proxy respondent data on childhood injury through assessment of the reproducibility of responses provided a few days apart and between two different informants.
MATERIALS AND METHODS Study population and data collection
Two separate studies were conducted, one to estimate proxy respondent reliability and the other to assess validity. Subjects for both studies were drawn from the Canadian Hospitals Injury Reporting and Prevention Program (CHIRPP) database at the Montreal Children's Hospital from June through August 1991. (On average, 50 injured children attend this emergency department each day.) CHIRPP is an emer-gency department-based injury surveillance system administered by the federal government (15) . Surveillance was inaugurated in 1990, with initial participation by all 10 children's hospitals across Canada.
Injury sequence data were collected using the CHIRPP data collection form (Appendix). This standardized form includes items on the date of the injury (when), the location (where), the context (activity at the time), the breakdown factor (what went wrong), the mechanism (what actually caused the injury), and if pertinent, questions on product involvement, motor vehicle involvement, and safety precaution use. The item on safety precaution use collects information about whether protective devices such as seat belts or bicycle helmets were in use when the injury occurred. All items on the CHIRPP form are open-ended. Therefore, to standardize the narrative information, coding categories were defined a priori. For example, the categories for injury location were residential, educational, transit, park/playground, and commercial/occupation. Those for injury context were activity of daily living, transit, recreation, sport, and occupation; and breakdown factor categories were fall, loss of control, close to danger, and acts by persons. Injury mechanism categories included mechanical, thermal, electrical, radiation, chemical, and absence of essential energies. Products were categorized as toy, sporting equipment, household appliance/furnishing, occupational appliance, or other. Finally, safety precaution use and motor vehicle involvement items were coded as dichotomous (yes/no).
Proxy respondent reliability
Reliability is the extent to which the same result would be obtained if a measurement were repeated (16) . The test-retest method was used to determine the reliability of proxy respondent information in this study (17) . Respondents completed the CHIRPP form on two occasions-in the emergency department at the time of presentation and subsequently, during a telephone interview. A test-retest interval of no less than 24 hours and no more than 72 hours was considered appropriate, i.e., not too distant from the event so that memory would be maximized yet not so close that respondents might remember and repeat their original responses. Respondents were identified by calling the home telephone number (available on the patient record) to ascertain who had completed the CHIRPP form in the emergency department. To maximize the response rate, all eligible respondents were called at least five times. Three attempts were during evening hours (8:00 p.m. to 12:00 midnight). During the follow-up telephone interview, each item on the CHIRPP form was asked in sequence, without probing or assistance, using the same examples as provided on the form. Additional information collected during the telephone interview included the relationship of the respondent to the injured child and the respondent's view of the injury event (full or none). Only those who witnessed both preevent and event phases of the injury sequence were considered to have had a fujl view of the event. Other demographic information gathered included respondent age and level of education.
The kappa coefficient was used to quantify the level of agreement between the information provided in the emergency department and during the telephone interview (18) . This measure takes into account the proportion of agreement expected by chance alone. Because respondent data were nominal, unweighted kappa coefficients were calculated, along with 95 percent confidence intervals (18) . To determine whether the reliability of proxy respondent information was consistent across subgroups, item agreement was also estimated by view of the respondent (full or none), age of the child (less than or more than 5 years), language of the CHIRPP form (English or French), and level of respondent's education (less than or more than 12 years).
Proxy respondent validity
Validity is the extent to which a measure approximates the truth (16) . The validity of proxy respondent information was determined by measuring the level of agreement between the injury sequence data provided by respondents with that given by independent witnesses. (The latter were considered to represent the truth.) Potential witnesses identified by the parents of injured children were contacted by telephone within 48 hours and asked the CHIRPP questions. Those who had discussed the injury with the parents, who were younger than 15 years, or who were not fluent in English or French were excluded. During the telephone interview, the items on the CHIRPP form were asked in sequence, with assistance provided if requested. The relationship of the witness to the injured child was also noted.
The validity of proxy respondent information was estimated both by item and by category. For example, responses to the CHIRPP item on injury location were coded into one of five categories (residential, educational, transit, park/playground, and commercial/occupation). Item validity was estimated using a 5 x 5 contingency table, whereas validity by item category was estimated for each of the component 2x2 tables, i.e., residential versus all other, educational versus all other, and so forth. The kappa coefficient was used to quantify item validity, with 95 percent confidence intervals calculated around the point estimates (18) .
Although more commonly used as a measure of reliability, the kappa coefficient is considered an appropriate measure of validity for nominal, polytomous data (19) . Respondent validity was also estimated by item category, using sensitivity and positive predictive value statistics, along with 95 percent confidence intervals calculated using the exact method (16) . (Sensitivity is defined as the agreement of a measure with the truth under the condition that the disease or characteristic is present; positive predictive value is the agreement of a measure with the truth under the condition that the measure is positive for the disease or characteristic.)
Sample size
A total of 420 respondents were selected for the reliability study, using a two-stage sampling procedure. Employing a random numbers table, simple random sampling was used to identify 30 days over a 9-week period. On each of these days, 14 injured children who attended the Montreal Children's Hospital Emergency Department and had completed CHIRPP forms were randomly selected. For the validity study, a total of 140 injury events were sampled. Simple random sampling was used to select 10 days each month for 3 consecutive months. On these days, all injuries for which a witness to the event was considered likely, e.g., injuries occurring during competitive sports, were selected.
The key consideration in sample size estimation was the precision of the estimate of agreement. Based on the a priori assumptions that observed agreement would be 0.8 and expected agreement would be 0.2, 100 subjects were required to provide a 95 percent confidence interval width of no greater than ±0.1 around the kappa coefficient (18) . The anticipated values for observed and expected agreement were "best guess" estimates, which were necessary because of the absence of pertinent published data. A 95 percent confidence interval of ±0.1 was considered sufficiently precise based on the Landis and Koch (20) grading system for kappa values. Based on this system, a confidence interval width of 0.20 would straddle, at most, two different levels of agreement.
RESULTS

Proxy respondent reliability
Of the 421 eligible respondents, 325 (77 percent) completed the telephone interview. The main reasons for nonresponse (96) included no answer after five attempts (n = 53), an incorrect telephone number on the patient record (n = 33), and unavailability of the original respondent (n = 9). Only one eligible respondent refused to participate.
Of the 325 respondents, 319 (98 percent) were family members, most often the mother (74 percent). The mean age of respondents was 36 years (standard deviation 7.0 years), with an average length of schooling of 12 years (standard deviation 2.7 years). The median time to interview was 33 hours (range 24-70 hours). Of the 325 respondents, 255 (78 percent) stated that they had not viewed the injury event directly.
The median age of the injured children was 7 years (range 1-18 years), with boys accounting for 61 percent of the sample. All injuries were judged to be unintentional; the median delay between injury occurrence and emergency department presentation was 2 hours. Soft tissue injuries predominated, accounting for approximately two thirds of all the injuries, with bone or joint trauma accounting for one third. Only seven of the 325 children (2 percent) were admitted to hospital because of their injury.
In table 1, the agreement on each item, quantified using the kappa coefficient along with 95 percent confidence intervals, is described. In the final column in the table, the strength of the agreement represented by the kappa coefficients according to the guidelines developed by Landis and Koch (20) is characterized. Agreement was high for all items, with kappa coefficients ranging from 0.79 (substantial agreement) to 1.00 (perfect agreement).
Only 70 respondents (22 percent) had a direct view of the injury event, whereas 255 (78 percent) did not see the injury occur. In total, 110 of the injured children (34 percent) were younger than 5 years, and 215 (66 percent) were older than 5 years. (Item agreement by respondent view of the injury event and by age of the child, respectively, are described in tables 2 and 3.) Of the 325 respondents, 245 (75 percent) used English by any factor, i.e., the stratum-specific kappa coefficients for each item never differed by more than one agreement category (based on the Landis and Koch guidelines for level of agreement), with overlap of the 95 percent confidence intervals around the stratumspecific point estimates.
Proxy respondent validity
Of the 140 injury events selected, 92 (66 percent) had a CHIRPP form completed by both the original respondent and an independent witness. Of the 48 nonparticipants, 34 (71 percent) were potential witnesses who declined because they had not viewed the event directly. Other reasons for nonresponse included an incorrect telephone number (n = 8) and no answer after five attempts (n = 6). Of the 92 witnesses, 37 (40 percent) were peers, 31 (34 percent) were teachers or coaches, and 24 (26 percent) were neighbors. The median age of witnesses was 23 years (range 15-64 years), with an average length of schooling of 11 years (standard deviation 2.9 years).
In this sample, the average age of the injured children was 10 years (standard deviation 4.4 years); 68 percent (63/92) were boys. Bone or joint trauma accounted for 53 percent of all injuries, and 41 percent were soft tissue injuries. Only three children (3 percent) were admitted to hospital because of their injury.
In table 4, the validity of proxy respondent information by item, quantified using the kappa coefficient, is described. (There were no motor vehicle-related injuries in the sample.) The level of agreement on each item ranged from 0.40 (fair) to 1.00 (perfect). Agreement was substantial or greater for all but one item (safety precaution use). In table 5, the validity of respondent information by item category, using the statistics, sensitivity, and positive predictive value, is described.
DISCUSSION
These studies showed that over a 24-to 72-hour period, proxy respondents provided reliable and valid injury sequence data on childhood injuries. In the test-retest reliability study, kappa coefficients ranged from 0.79 to 1.00; and in the validity study, kappa coefficients were greater than 0.65 for all but one item. The positive predictive value of proxy respondent information (by item category) was also high. Because of the small numbers in each category, confidence intervals around the measures of validity were relatively wide. However, for those item categories whose prevalence was ^0.25, the positive predictive value of respondent information ranged from 0.82 to 0.95. For both studies, sampling bias was minimized by using simple random sampling. In addition, response rates were high-86 percent in the validity study (if only those children for whom a witness could be identified were included) and 77 percent in the reliability study. It was not possible to directly compare respondents and nonrespondents on characteristics such as age, sex, socioeconomic status, or level of education because these data were not available for nonresponders. However, an indirect comparison showed that the injured children of both groups were similar by age, sex, nature of injury, and injury severity. The potential for information bias was reduced by using standardized protocols for the telephone interviews and by blinding the interviewer to the original information provided by the proxy respondent.
A methodological concern in the reliability study was that form completion was by two different methods-initially by self-report in the emergency department and subsequently by telephone interview. To minimize this difference, the telephone interviewer did not provide any assistance with form completion. Respondent items were read in sequence, using the same examples as on the form. Those requesting assistance in the interpretation of questions were politely declined, with no probing allowed. An additional methodological issue was whether the test-retest interval was appropriate. In general, there is no "correct" retest interval-its length depends on the research question (17) . In this situation, a long retest interval would have jeopardized the respondents' memory of the injury event, whereas too short an interval would have allowed respondents to remember their original responses. Therefore, an interval of about 2 days was considered appropriate. Last, because fewer than one quarter of respondents viewed the injury event directly, an important issue was whether the reliability of respondent information differed between those with a full view and those with no view of the injury event. There was little difference in agreement, however, between the two groups (see table 2). Indeed, the reliability of proxy respondent information was consistent, with no significant modification by respondent view of the injury event, age of the child, language of the form, or level of education of the respondent. An important issue in the validity study is whether the independent witnesses to the injury event represented an appropriate "gold standard." Witness information was considered to represent the "truth" for several reasons. First, it was assumed that witnesses would be more objective about what happened than parents of injured children. Second, witnesses were personally interviewed by telephone and probed with respect to the injury, whereas respondents (usually parents) completed the CHTRPP form without assistance in the emergency department. Third, the reliability study had shown that the majority of parents do not view injury events directly. In contrast, witnesses, by definition, had to have viewed the injury event in its entirety.
The main limitation of the proxy validity study concerns the generalizability of the findings. Only a select group of injuries-those with potential witnesses to the event-were studied. As a result, most of the selected injuries were sport related. Whether the validity of proxy information on sports injuries is generalizable to other injury contexts is moot and requires further study. For example, it could be argued that respondent validity might be greater for sports injuries (compared with other injuries) because they would be concentrating on the child at the time of the event or would be less inclined to feel responsible or guilty.
Failure of comprehension may explain why the item on safety precaution use was the least reliable (kappa = 0.79) and least valid (kappa = 0.40). This question is worded, "What safety precautions/devices were in use when the injury occurred? (e.g., seat belt, infant car seat, child-resistant bottle cap, bicycle helmet, none)." Rather than provide information on safety precautions used, many of the respondents described their immediate first aid strategies. For example, responses included "stopped the bleeding," "iced the sprain," "called for an ambulance." When the question was repeated several days later, the responses were again related to first aid strategies but were inconsistent. As a result, test-retest reliability was poor. Because witnesses in the validity study were assisted with interpretation of the items and also were probed for answers, their responses were more pertinent. Not surprisingly, therefore, the level of agreement between proxy respondents and witnesses on this item was even poorer. To overcome the problem of inappropriate responses to this item, one option would be to provide forced choice boxes rather than leave the question open ended. However, a change of this type would make interpretation of CHIRPP data on safety precaution use over time (particularly pre-and postform change) more difficult. Nevertheless, data collection in surveillance is more successful when forms containing clear and unambiguous questions are used (21).
Finally, both the reliability and validity studies standardized the narrative injury sequence information using nominal coding categories. Because these categories were somewhat broad, the opportunity for achieving "exact agreement" on the injury sequence information was relatively easy. In other words, the findings from these agreement studies probably represent liberal (rather than conservative) estimates of the reliability and validity of proxy respondent information on childhood injury.
Relatively few studies have examined the quality of proxy respondent information related to childhood injury (9-12). Harel et al. (9) assessed data from the 1988 Child Health Supplement to the National Health Interview Survey. A total of 17,110 parents, usually the mothers, were asked to recall all injuries to their children that had required medical attention over the previous 12 months. These data were then used to calculate annual child injury rates for different recall periods (ranging from 1 to 12 months). Annual injury rates showed a linear decline by length of recall: from 24.4/100 for the 1-month recall period to 14.7/100 for the 12-month recall period. Both memory decay and the tendency to "telescope" events may explain the recall bias found in this study (13, 14) . Because the study did not validate maternal recall, the relative contribution of these two sources of bias to the observed decline in reported rates could not be determined.
Peterson et al. (10) compared self-reports of minor injury by children 8-11 years old with maternal reports. A total of 23 families were studied, with the mother and child independently interviewed at 2-week intervals for 6 months. When the fortnightly interview data were summed, the frequency of injury reporting by the children was 40 percent higher than by the mothers. The main limitation of this study was the different interview process for mothers and children. Interviewers were trained to "encourage and reward children" for reporting an injury. In addition, the injury events were not independently validated. As a result, the investigators could not determine whether the (apparently) lower frequency of maternal reporting of injury was because of memory decay, lack of communication between the children and their parents about injuries, or exaggerated reporting by the children.
Two other studies validated parental reports of childhood injuries using the primary care physicians' records as the "gold standard" (11, 12) . Parental recall of medically attended injuries over the previous 12 months was good. For example, 71 percent of parental reports were confirmed by the medical record in a general practice-based study (11) , and 80 percent were confirmed in a study involving primary care pediatricians (12) . As noted by the latter authors, however, the main limitation of this type of study relates to the use of physician records for validation. First, such records may be incomplete or inaccurate. Second, many injured children are treated in the emergency department or in after-hours walk-in clinics, and these injuries may not be brought to the attention of the primary care physician. Therefore, if treatment sites other than the physician's office are excluded, it becomes difficult to quantify the level of parental underreporting.
Summary
Surveillance data play an important role in injury prevention and are often used to identify populations at risk, develop programs, and evaluate control activities. For childhood injuries, proxy respondents, usually a parent, almost always provide information on behalf of the child. Therefore, given the public health importance of these data, the quality of proxy respondent information on childhood injury is an important issue. Previous studies on this topic concentrated on long-term (up to 1-year) parental recall of injury events and did not, in general, obtain detailed injury sequence data. The objective of this research was to determine, over the short term, the reliability and validity of injury sequence data provided by proxy respondents. Proxy data were shown to be reliable and valid, with kappa coefficients ranging from 0.79 to 1.00 in the test-retest reliability study and from 0.40 to 1.00 in the validity study. The positive predictive value of proxy respondent information (by item category) was also high. We conclude that the reliability and validity of proxy respondent information in the CMRPP database is acceptable. These data also support the use of carefully collected proxy respondent information in childhood injury research.
